Introduction
Flow-injection analysis (FIA) is an attractive method for routine analysis because of its simple operation, high throughput and low reagent consumption, 1 compared to the conventional batch analysis. However, in the case of intermittent measurements, its continuous-flow nature requires excess reagent solutions. One solution to this problem is a cyclic flow-injection system to use reagent solutions repeatedly. 2, 3 Another is a sequential injection (SI) system that uses a computer-controlled syringe pump and multi-port valve. 4, 5 Although both systems can utilize the reagent solutions effectively without spoiling the virtue of FIA, the former should incorporate some device to remove the reaction products interfering with the determination from the system; also, the latter is relatively expensive, since a precise pump and valve are necessary.
In this work, we have developed a syringe-type cell for photometry based on discrete flow analysis. A light-emitting diode (LED) and a photodiode (PD) of an LED-base colorimeter 6 were connected to the cell by fiber optics. The syringe also served as a mixer of the sample and reagent solutions, and their suction and mixing were achieved by manual operation of the plunger. Although the analytical procedure for this system is more complicated, and the scale of the reagents is larger than those of the aforementioned systems, because it is based on a batch measurement technique, the equipment can be very simple. Furthermore, the simple operation and low reagent consumption are superior to the conventional batch technique.
The analytical figures and the mixing efficiency of the proposed system were evaluated with a methyl orange solution and the determination of iron(III) by the 1,10-phenanthroline method. It was then applied to the determination of iron(III) using 1,10-phenanthroline and thiocyanate as a chelating reagent, 6, 7 with an activated-carbon column to concentrate the iron chelate. 8, 9 This method was tested by a determination of iron in a river-water certified reference material (CRM), JSAC 0302-3; it was then applied to the determination of iron in river water, and the results were compared with those obtained by a graphite-furnace atomic-absorption spectrometer (GFAAS).
Experimental

Equipment
A schematic diagram of the system is shown in Fig. 1 . An LED-base colorimeter was modified from that described in a previous paper, 6 and the holder for the cell of 10 mm optical path length was removed to accommodate two plastic-core fiber optics (Sunx, FT-N500S4; 0.5 mm in diameter, 500 mm in length). One of these fiber optics was used to transport the light from a red-green-blue LED (Nichia Chemical, NSTM515M; emission wavelength: 630, 530, 470 nm, respectively) to a gastight glass syringe (Hamilton 1725LT, 250 μL, 2.3 mm i.d.) and transmitted light through it was returned to the photodiode (PD, Hamamatsu Photonics, S2386-18K) in the colorimeter by another fiber optics. The coupling of the fiber optics and the A simple discrete flow system for the photometric determination of iron using a glass syringe as a mixer of a solution and as a sample cell has been developed. The system was assembled from a coupler combining a light source (a light-emitting diode, LED), a glass syringe, a photodiode detector (PD) and two plastic core fiber optics. The reagent and sample solutions were sucked into a syringe, and were then mixed by a reciprocating motion of a plunger, or simply turning the syringe upside down several times, manually. After mixing, the absorbance of the solution was measured in situ. The analytical figures of this system and the mixing method were tested with a methyl orange solution and evaluated through iron(III) determination by a 1,10-phenanthroline method. The proposed system was applied to the determination of iron(III) using 1,10-phenanthroline and thiocyanate as chelating reagents and an off-line concentration method using an activated-carbon column. By this simple system, iron(III) in a river-water certified reference material (CRM), JSAC 0302-3, and river-water samples were successfully determined with a detection limit (3σ) of 20 μg L -1 . syringe was achieved by a syringe holder made of brass. It was a cylinder whose diameter was 25 mm and the thickness was 10 mm. An axial hole (10 mm in diameter) was drilled at the center, where the syringe was set. The two fiber optics and two stop screws were set to four radial holes. Another two radial holes (2.5 mm in diameter) were drilled in order to see whether the solution to be measured was at the proper position. The LED or PD and the fiber optics were coupled with ABS resin cylinders (15 mm in diameter and 24 mm in length), into which were drilled coaxial holes to fit them, and no lenses were used. The holder for the LED had another hole to fit a PD so as to compensate the fluctuation of the LED emission strengths. Each emitter of the LED was sequentially turned on and off, and the corresponding strength of the transmitted light was acquired by an analog-to-digital converter (Linear Technology LT1861, 12-bit resolution, 2-channel) after second-stage amplification with an operational amplifier (National Semiconductors, LMC660, 4-channel) synchronized with light emission. To refuse ambient light, the syringe and coupler were shielded by a dark box at the measurement.
An activated-carbon column for the concentration of iron chelate was constructed with a PTFE joint (Flowell, 30-3U-C), which is shown in Fig. 2 . About 3 mg of activated-carbon powder (Wako Pure Chemical, for chromatography) was packed into the joint with glass wool and two PTFE screw nuts. These nuts were also used to connect 2 mm i.d. and 3 mm o.d. PTFE tubes.
Besides the syringe for measurements, a 2.5-mL syringe (Hamilton 1002LT) was used for preparation in the iron determination.
Reagents and samples
All of the reagents were of analytical grade, and were used as received. An iron(III) standard solution (1000 mg L A river-water CRM, JSAC 0302-3, was purchased from Seishin Trading. It was spiked with 13 elements, namely Pb, Cr, Cd, Se, As, Cu, Fe, Mn, Zn, B, Al, Ni, and Be by the manufacturer.
The certified concentration of iron was 58 ± 1 μg L -1 .
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River-water samples were taken from Nigori River, which flows through the south part of Kofu city, Yamanashi Prefecture, Japan. It was filtrated by a PTFE membrane filter (Millipore, Ominipore type JH, 0.45 μm pore size, 25 mm in diameter) and acidified by 0.1 mol L -1 hydrochloric acid after sampling.
Procedures Evaluation of the colorimeter and mixing method with the MO solution.
In a 250-μL glass syringe, 0 -90 μL of a 0.10 mmol L -1 MO solution was taken, and the water was added to bring the total volume to 100 μL. The concentration of MO corresponded to 0 -0.09 mmol L -1 . After turning the syringe upside-down, about 100 μL of the air was sucked, and the plunger was reciprocated several times to mix the solution. Because a larger volume of the syringe (250 μL) compared to that of the solution (100 μL) was used, it did not spill from the syringe by the mixing procedure. The absorbance at a blue LED (470 nm) was measured at each motion until the absorbance became constant.
Procedures for the determination of iron. In the case of the direct method without concentration, in a 250-μL glass syringe, 100 μL of a 0 -10 mg L -1 iron standard solution, 10 μL of 10 mmol L -1 1,10-phenanthroline, 25 μL of a 2.5 mol L -1 sodium acetate, and 10 μL of 1% hydroxylammonium chloride were successively taken; the solution was then mixed by moving the plunger several times. Its absorbance was measured in situ by a blue LED (470 nm).
In the case of a concentration method with an activated-carbon column, in a 2.5-mL glass syringe that was for sample preparation, 1.5 mL of river water or a 0 -1 mg L -1 iron standard solution and 0.5 mL of a mixed chelating reagent (1,10-phenanthroline, sodium thiocyanate and hydrochloric acid) were taken, and the syringe was turned upside down several times to mix the solution completely. Then, an activated-carbon column was attached to the top of the syringe, and the solution was passed through it to trap iron chelate. The column was moved to the 250 μL syringe for extraction and measurement, and 80 μL of acetone was sucked into the syringe through the column. This acetone was repeatedly (4 to 5 times) moved back and forth to the column in order to completely elute the iron. The absorbance of the acetonic solution was measured by a blue LED (470 nm).
Results and Discussion
Evaluation with a MO solution
The equation of the calibration curve of MO obtained by this method was A = 3.47CMO, where A is the absorbance measured at 470 nm and CMO the concentration of MO in mmol L -1 . The correlation coefficient and the standard deviation were 0.999 and less than 9%, respectively. Good linearity was obtained, although the precision was slightly worse than the ordinal colorimeter, and more than 10-times of plunger motions were necessary to attain a constant absorbance. To increase the mixing efficiency, a PTFE tube whose inner diameter and length were 0.5 mm and 500 mm, respectively, was attached to a syringe. The absorbance change of a 0.07 mmol L -1 MO solution is shown in Fig. 3 . By 4-times plunger motion, the absorbance became constant, and the standard deviations were improved to less than 3%.
Direct method for iron determination
At first, the same PTFE tube as in the MO determination, that is, 0.5 mm i.d. × 500 mm length (100 μL) was used to mix the reagent solution, and a calibration curve for 0 -10 mg L -1 of iron(III) was built. The equation was A = 0.015CFe -0.001 and R = 0.991, where A is the absorbance at 470 nm, CFe the concentration of iron in mg L -1 , and R the correlation coefficient. Although the absorbance became constant by the plunger motion in 3 or 4 times, the linearity and the relative standard deviation (RSD, less than 20%) was not good. This could be attributed to a higher viscosity of the sodium acetate solution compared to the MO solution, and the mixing of the solution was not actually completed. A PTFE tube was changed to 1 mm i.d. × 100 mm length (90 μL), and a calibration curve in the same concentration range was built again.
It was A = 0.012CFe -0.001, R = 0.999, and the RSD was less than 4%; thus, the linearity and the precision were greatly improved. The detection limit calculated from three-times of the standard deviation of the blank was 0.5 mg L -1 .
Concentration method for iron determination
Although a direct method had good precision and linearity, its sensitivity was not sufficient to be applied to analyses of real samples. To improve the sensitivity without any complicated operation, a concentration method with an activated-carbon column was studied. In this experiment, as above-mentioned, a 2.5-mL syringe was used to prepare the iron chelate solution, and its inner diameter was 6.8 mm, which was wide enough to mix the solution without a PTFE tube. Acetone was selected as the eluent, according to a previous paper. 8 At first, the same chelating reagent, 1,10-phenanthroline, was used and the calibration curve for iron in the range of 0 -1000 μg L -1 was made with elution by 120 μL of acetone. Its equation was A = 0.123CFe -0.023, R = 0.998, and the improvement in the sensitivity was not remarkable, though it was ten-times higher than that in the direct method. More sensitive chelating reagents, 1,10-phenanthroline and thiocyanate, were tested under the same condition as 1,10-phenanthroline, and the resulting equation of the calibration curve was A = 0.214CFe + 0.018, R = 0.997.
For higher sensitivity, the volume of acetone was reduced to 80 μL, and its calibration curve was A = 0.327CFe + 0.011, R = 0.998. A detection limit as low as 20 μg L -1 could be achieved, and the standard deviation was less than 3%. The volumes of the required reagents were reduced to less than 1/10 of those mentioned in a previous paper 9 (using 1,10-phenanthroline as a chelating reagent), though, the detection limit was worse.
Validation of method with river-water CRM
A validation of the method was performed with a river-water CRM, JSAC 0302-3. The results for the determination and recoveries of the iron spiked to the CRM are tabulated in Table 1 . The result (61 ± 4 μg L -1 ) agreed with the certified value (58 ± 1 μg L -1 ), and the recoveries were also satisfactory, ranging from 97 to 108%. 
Determination of iron in river-water samples
This method was applied to the determination of iron in a river-water sample, and the results were compared with those of a graphite-furnace atomic-absorption spectrometer (GFAAS). The results are tabulated in Table 2 . The precision was less than 10%, and the obtained values were comparable to those obtained by GFAAS within their errors. Thus, this method is applicable to the determination of iron in natural water samples with good precision and accuracy.
Conclusion
In spite of its simple device and operation, photometry with a syringe cell had good precision and accuracy to determine iron in river water. The reagent scale was down to less than the 1/10 level of the normal batch method, though it was larger than FIA. The time required to determine iron in one sample was less than 5 min. This is also inferior to FIA, including that automation of the procedure is not achieved, but the cost of the equipment is far lower than that of FIA, because an expensive pump is not necessary.
A light shield box can be avoided if the LED modulation and the lock-in detection technique are used. This syringe cell system was also utilized in fluorometry, which has essentially a higher sensitivity than photometry, and was applied to the determination of selenium in river water. This will be reported elsewhere. 
